
KONGER#ET NORGE 

The Kingdom of Norway 



pcrm 




REC'D 2 2'DEC 2003 




WIPO 



POT 



I 

Bekreftelse pa patGnts0knad nr 



Certification of patent appiicat ion no 



20025738 



Det bekreftes herved at vedheftede 
dpkument er neyaktig utskrift/kopi av 
ovennevnte seknad, som oppriimelig inngitt 
2002.11.29 



// is hereby certified thxt the cmnexed 
document is a true copy of the above- 
mentioned application, as originally filed 
on 2002.11.29 



2003.12.05 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLUNCE WITH RULE 17.1(a) OR (b) 



Line Reum 
Saksbehandler 




BL 130-5UXM>-01.2001 •HagroGrBfUkAS 



BFST AVAILABLE COPY 



NYCOMED iMAGlNG AS |Qg2 -ll"' 2 9 O 




■I iimwpiiiiiiFi'mi 





S0knad om patent 



-6 



« 



PATENTSTYREl 



02-11-20*20025730 



Apresse 



PN 02100 



oppfinnelsens 

t)©nevne|se; 



Hvis sskpaden er 
en Intemaslonal s^Knad 
som vider©r0r©s ^tcer 
patentlovens § 3 V 



61 6Q Pep. 
Kflbennevng&tan 10 
0033 Oslo 



Telefon 

22 30 7300 
22^973 01 



Bankgiro 



A27e.01.00102 

FORBTAKSNUMMBR 

071526157 



Metode 



Den Internationale saKn^cSs 
Den lnternas|onale saknads 



Sflker: 

{Mvi6 patent av ftara: 
oppty^nlpQ om hvam Bom xKqI 

vaqno iv sotcim*). 



Oppflnneri 

Navn og (privat-i eorssiip 



FulfmeKtfg; 



Ameraliam Health AS 
Nycoveien 1-2 
Postboks 4220 Nydajeh 
0401 Oslo 



Lint, a? ff i:>l 



Aim- tilgj. 1 J U N 2QB4 



numnner i • • » 

Inngfvelsesdag . t . . . . t ,.....»-...-•... 'JL1_!_!_!_V_L 



for d oppn^ ipves^e s: 



n S0k©r er en enkelwe Ion eller ©n smSbadrtm. el|er Here slIK© i fallessK^p med fast ansatce som til- 



rsverk ener mlndre (p^ saknadslldspgnkiet). Det er saKers ansvar 6 krysse av her 
•^tser for soKnadsavglft NBI se pgsa utfytlande forklarlng p^ sista gida. 



Se eget skjema 



Amersham Health AS 
0401 Oslo 



yfOT, InsaFlechsler* Nycoveien 1-2, Postbojcs 4220 Nydalen, 



I 



HvIs S0knad tldllgere 
er inngitt i eller 
utenfor rIKet; 
(Fonseu am nactvenflio ptf nsvia 



Hvls avdeit seknad; 
Hvis ucskdc seknad: 



Deponert kultur av 
mikroorganlsme: 



Urfeverlng av prave av 
kulturen; 



Angivelse av tegplngs- 
figur som onsHes 
puWIsQrt sarnmen med 
sammendraget 



Pflorltet kreves fra daw . 
Prlorltet kreves fra dato . 
Prloritat kreves fra dato . 



Den opphnpejlge scsKnacls 
Pen opprfnnellga 50Knac)s||nr, 



seed 
seed 
sod 



nr. 
nr. 

nr. 



nr,. , , , . , , og derps inngivelsesdag 

pegjaert inngjvplsesdag 



Q S0knaden omfatier kbitur av mikroorganlsme. Oppgi ogss cjeponerlngssted og nr. 



□ Pfiave av den depon^^fre 
jfr. patentiovena § 22 



Fig. nr. 



kHltur av mlKfoorganlsme ska) Pare utieveres ill en sseriig sakkyndlg, 
3ttende tedd og patentfonskriftenes § 30 fwste lodd 



BU. 10 10.000 - 04.00 HPS'* QraflBk AS 



NYCCMED iMAGINO A3 






PATE NT STY RE 

* 

02-11-23-^200257 



Method 



1 



The invention irelotes to NMR-basied methods comprising the hyperpolarisation of 
ligands or targets and to hyiUpolarised ligands ^d targets for use in NMR-based 



assays. 



f 



The various genoiae sequen|ing projecte currently underway are generating data at 
an enormous rate^Biomoledjxles encoded \>y the relevant gene sequences serve as 



target noolecules (=7 targets) 
l>ind to them (= ligand$). for 



Ifbr the identification or the design of compounds that 



example as natural ligands, as agonists or antagonists of 
a natural ligapd, as an li hlbitor, a substrate or target vector. As such, the 
identification of ligands is ofte of the first steps in drag discovery. Drug discoveiy 
comprises both the identifioi|tion of lead compounds, i.e. compounds which exhibit 
liigh binding affinities to thk chosen target and an optimisation process in which 

between the target and the identified lead compound is 
to speed up drug discovery, libraries of synthetic or 
natural putative ligands are eJnploy^d in a high-throughput screening process and the 



structure activity relationship 
studied in details In order 



initial screening parameter is 



usually high binding activity of the ligand towards the 



target. The optimisation process focuses also on other important parameters of the 
Ugand for being suitable as J foture drug compound, such as chemical and metabolic 
stability, .non-toxicity and oAimal ADME (administration., distribution, metaboUsm 
and excretioa) properties. 

NMR is one of the jnost vei 
contribute in the identificatijkn of lead compounds, but it also facilitates die lead 
compound optimisation proems by providing information about molecolar structure 
and specific information abok the binding of the ligand to the target. There are two 
different ways of collecting the information needed: monitoring NWR signals 
derived ftom the target or the ^e arising from the ligand. 



Chen et al„ J. Am. C2hem. ^c. 120 (1998), 10258-10259 describe the so-called 
*'NOE-pumping technique" jvhich relies on NOEp to transfer the signal from the 
target to a bound Ugand. NoLeqnillbrlum magnetisation Is created by saturation of 
the ligand molecules. The signals jfrom the ligands that do not bind to the target are 
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suppressed by use of a diffiiiiion fUtesr (gradient 3trength and diffusion delay time). 
Since |iie diffosion filter desboys the signals of the ligands before a NOB sequence 
applied, only polarisation t ansfer from the tqrget to a bound ligand can give 
polarisation to said ligand When the ligand dissociates from the target, the 
polarisation transferred stay; in the free ligand. Tlie disadvantage of the method 
described is that due to rapi^ relaxation (especially T2 relaxation) of the target the 
signal intensity is lowi whict reduces the sensitivity of the metbodr In addition, the 
applied division .filter requ res an exchange between the ligand and the target. 
Hence» the affinity window ii which interactions can be monitored i$ restricted and 
makes the method unsuitable for ligands with very high or very poor affinity. 

A different way of performit g the same experiment has also been suggested by A. 



Chen et al., J. Am. Chem. 
reversed compared to the 
transferred from a bound Ug 



Soc. 122 <2000), 414-415. Here» the mechanism i^ 
NOE-pumping tecimique, namely to detect signals 
id to the target molecule. A T2 filter is used to suppress 
the target signals while maiijjtaining the signals from the ligands. The result is that 
signal intensity of the non-jQound ligands decreases due to relaxation and NOB 
pumping. In order to detect this difference in signal intensity loss, a reference 
spectrum is necessary in which the signal intensity loss due to relaxation is recorded. 
The use of a Ta filter limits t lis method to systems with relatively large differences 
in Ti relaxation between the :arget and the ligand. Thi^ in turn- requires Jhe ligands to 
be iii fast equilibrium between the free and bound state. This limits, the range of 
affinities n;easurable with thi s method. 



Mayer pt al., Angew, Chemt 



Int. Bd. EngL 38 (1999), 1784-1788 describe a method 
wherein a resolved target resr nance is selectively saturated- This in turn results in the 
saturation of the entire target molecule and any ligand bound thereto due to efficient 
spin difCusiofi mechanisms, S ubsequeniiy, a rea^xation filter is applied allowing the 
sole observation of the affect(|d ligand signals. A reference spectrum is recorded with 
off-resonance irradiation and subtracted to reveal the signals of the bound ligand- 
Since the intensities of the bound ligand can be translated into distances, the binding 
pite may be mapped. The disadvantage of this method is that more complex mixtures 
can only be examined by using 2D NMR " 
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10 



16 



20 



and/or ligand ai© available, lie method becomes very time consuming. Moreover, 
high affinity ligands cannot b 5 measured, dne to the applied relaxation filter. 



3huker et al.. Science 274 (1 



^^-label^ target mclecuje 



996), 1531-1534 describe the so-^alled SAR-by-NMR 



5 method (SAR = strucmre activity relationsiiip) wherein chemical shift changes in a 



changes are mapped on to 



are monitored as a difference between the Iree target 



molecule and a target molec xl& with a ligand bound thereto, These chemical shift 



the structure of the target and the binding sites are 
characterised. Individually identified' Ugands witfi affinity to different binding sites 
on the target can be obemicaily linked to result in an optimised high affinity ligand. 
The method is limited to )j^-labeled target molecules. Moreover, the spectral 
assignment of the target has 



1 



be known. 



WO-Al -97/1 8471 discloses ji method to screen putative ligands which baged on 
generating a first 2D ^^N/^^ I'^NMR correlation spectrum from a ^^N-isotopically 
enriched protein and a^secon 1 2D ^^N/^H-NMR correlation spectrum from the 
isotopically enriched proteinjligand complex. The protein spectrum changes are then 
used to identify the binding lite of the ligand. Again this method is restricted to the 
N-isotopically enriched pvo ein targets* 



15 



WO-A 1-00/62074 discloses a similar mefhod that is based on and restricted to ^C- 

s 

isotopically enriched target in c>lecules. 

WO^Al-02/33406 discloses i method for identifying a binder molecule by using 
i^C/l^N-labeled proteins whe ein the labeled amino acids at least once occur in direct 
vicinity in the protein, gener ■ ting a first HNCO-type ISPMR spectruiw of the labeled 
target and a second HNCO-type NMR spectrum of the labeled target/ligand 
complex. The changes in ct ^mical shift are then used to identify putative binder 
molecules. The disadvautag: of rhe method is due to its liniitation to specially 
30 labeled protein target molecu es . 

The disadvantages encounter id by the above-described prior art methods are due to 
background interference ai id/or sensitivity limitations. In order to suppress 
background signals, those m^ liods involve the use of so-called NMR filters that for 

PN021 Q0\FI\29,1 1 ,2002 



NYCOf^ED IMAGING AS 



example may be qsed to seU 3tively suppress signals firom the ^get and the ligand» 
respectively. Such filters put 



strains on molecular jsis^es and binding ^nity windows 
and hence limit prior art m Ithods. Sensitivity limitations may be problematic for 
several reasons: In order to alleviate such limitations, large amounts of either target 

large quantities of Ugands needed for the methods 

« 

stringent solubility demands on the ligands tested and 



or ligand are needed. The 
described above may general 



thereby make it even more di ificult to design ligand libraries. In addition the reaction 
may therefore take place under conditions which differ from physiological 

conditions- The large quantiti ss of target needed make those ^fMR-based assays very 

I 

costly and even hinder somtf targets^ to be assayed, as they can not be expressed in 
large enough quantities. l|)W sensitivity further results in long experimental 

six 



sampling, making the prior 
high throughput methods. 



methods very time consuming and thus not useful as 



Thus, there was a need to pi| 
the disadvantages of the prior 



We have now surprisingly 
problems associated with the 
a) hyporpolarising at least o 



3vide a NMR-based screening method that overcomes 
art a$ outlined ^bove. 



found a NMR-based method wliich overcomes the 
prior art| the method comprising 
e ligaud or a target 

b) forming a mixture by cc^jitacting the at least one hyperpolarised ligand* with a 
target or a target and at least one fUrflier ligand or the hyperpolarised target with 
at least one ligand 
o) generating a NMR spectriim of the mixtore, and 
d) comparing the said NMR spectrum with a reference spectrin) of the at least one 
hyperpolarised ligand or (|ie hjrperpolarised target. 

I 

The advantages of the method according to the invention are tli^t no background 
signals are present as only th<| hyperpolarised species - either the target or the ligand 



— is detected. This allows collection of NMR data without the application of 
NMR filters. Thus, the afB lity window is not restricted in the method of the 
invention* Further* smaller amounts of target or ligand molecules are neeessary due 
to the strongly enhanced sens tivity of the method of the invention compared to prior 
art methods. This in turn nakes the solubility demands of the target/ligand less 
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16 



20 



25 



30 



Stringent and makes \t posail^e to perfonn the method at more physiological relevant 
concentrations. Because of tile increased senslttvlty, it is ftirther possible to combine 
the screening and optimisati m step in a drug discovery process by screening for 
potent drug compounds dire : fly amongst a pool of less potent compounds without 
tiie need for drug optimisati : >n. It is possible, yet not necessary to ^se isotopically 
enriched target or ligand m olecules. Whether Isotopically enriched molecules are 
employed or not is only njlated to the degree of sensitivity requested. Spectra 
generation according to diL method of the invention may be done by one- 
diraensJonal NMR and the siisctra may be acqmred in a single scan. This makes the 
method extremely fast and tf us suitable for using it in a high throughput screening 
process. It may ftarther bscome sensible to simply screen individual Ugand 
compounds rather than Ugaijjd libraries, tiius obtaining more accurate and reHable 
information. 



Terms used throughout this sUcification have their usually accepted meanings. In a 
more specific definition, "ts^got, target molecule or target compound" means any 
biomolecule, preferably a |)iomolecule selected form die group consisting of 
proteins, glycoproteins, lipop jroteins, nucleic acids, e.g. DNA or RNA. polypeptides, 
glycopolypeptides, lipopolyj sptides^ peptides and parts or fragments thereof. The 
target may be a naturally de ived target, e.g. obtainable by isolation from a namral 
organism, preferably anima s or human being?, or obtained by expression by 
genetically modified micrq<tganism, e.g. bacteria. Such targets may further be 
modified, e,g. by treating th|ra with enzymes or chetnioal compounds. The target 
may as well be a chemicaUjr syhtbesised target such as a chemically synthesiaed 
DNA, RNA, peptide or polyofeptide. 



In a more specific definition 
any molecule that may to 



ligand, ligand molecule or Ugand compound" means 
bind to a target. The ligand may be a protein, a 
glycoprotein, a lipoprotein, a polypepUde, a glycopolypeptlde. a lipopolypeptide, a 
peptide, a carbohydrate, a nJjsleic acid e,g. DNA or BNA or a part, a fiagment or a 
complex thei^f, or any othJ^ chemical compound of interest. Preferably, the ligand 



is a relatively sroaU organic HoolecuJe. particularly a small organic molecule of less 
than 2000 Da. Specially preferred are drug molecules. The ligand may be a naturally 
derived ligand, e.g,* obtaina ke by Isolation from a natural organism, preferably 
PN021 pO\FIN2S,1 1 ,&OQfi 
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I* 



I* 



animals or human beings Ibr obtained by expression by genetically modified 
microorganisms, e-g. bacterid I Such ligands may fUrfher be modified, e.g» by treating 
them with enzymes or chemi<^ compounds. The llgand may as well be a chemically 
synthesised compound such as a chemically synthesised DNA, KNA» peptide or 
polypeptide or a small organip molecule. 

In step a) according to the r^ethod of the invention, at least one ligand or target ig 
hyperpolarised. 

If a ligand is hyperpolarisedi it may be one ligand (e.g. ligand A) or a mixture of 
different ligand molecules (e.g. ligands A, B, C...). a ligand library. 

■ 

The tenn "hypetpola^'isalior ' means enhancing the nuclear polarisation of NMR 
active nuclei present in die li;:and or the target, i,e, nuclei with non-zero nuclear spin. 
Preferred nuclei are ^^C, *^N> pP. *^Ft and/or 'H. 



IsotopicaUy enriched ligands 
targets are employed* ligand^ 
natural abundance such as 



or targets can be employed. If non-eniiched ligands ot 
or targets containing nuclear species occurring at high 
P, and/or *H are preferred, I^otopically enriched 



ligands or targets are prefera fly used in the method s^ccording to the invention- The 
enrichment may include eithejr selective enrichments of one or more sites within the 
ligand or target molecwle o uniform enrichment of all sites. Enrichment can be 
achieved by chemical synthlsls or biological labelling, the latter being especially 
useful to isotopically enrich jarg^t molecules. Suitable techniques are known in the 
art. Briefly, a target mojehule that is expressed by a (geneticjOly modified) 
microorganism can be uniformly enriched by, e.g, growing the microorganism in a 

uniformly ^^C- or ^^N-enriched nutrientg liKe *^C- 
Selective enrichment can be achieved by grov^ing the 
medium containing e,g. ^^C- or ^^-enriched amino 
acids like alanine or leucine!. The target wiU tlws be specifically *^C-enriched at 
(hope amino acid residues cc Stained v/itJiin the expressed target. Preferably, ligand 
and target molecules are sa actively isotopically enriched, preferably in positions 
with long T\ relaxation time. Suitably, target and ligand molecules according to the 
invention are isotopically en^^ched molecules with an enrichment of at least 10%, 

PN021 00\F|\29.1 1 .2002 ' 
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I 



mo3t suitably At least 25%. 
ideally approaohing 100%. 



7 

, jbrefeirably at least 75%, most preferably at least 90%, 



are selectively enriched with 
preferred with ^^C. 



In a preferred embodiment ol : the present invention* the ligand and. target molecules 

and/or ^^N, preferably with ^^C or "N, particularly 



I 



There are several 'Ways for 1 
polarisation transfer from p. t 
explained below. 



yperpolarising NMR active nuclei, 
oble g^, *T3rute force", DNP and spin 



ways are 
ion» all 



A preferred way for hypejtoolariping the ^fIv^R active nuclei containing probe 
compounds according to !he invention is the polarisation transfer from a 



n 



hyperpolarised noble gas. Ikoble gases having non-zero nuclear spin can be 
hypetpolarised, i.e, have pelr polarisation enhanced over the equilibrium 
polarisation. e.g, by th^ use ck circularly polarised light. A hyperpolarised noble gas, 
preferably ^He or ^^^Xe, or il mixture of such gases, may be used according to tlie 
present invention to effect h> perpolarisation of the NMR active nuclei present in the 
probe and/or test compounds! The hyperpolarisation may also be achieved by using 
an artificially enriched hyp< ^rpolarised noble gas» preferably ^He or *^^Xe. The 
hyperpolarised gas may be i: l tfie gas phase, it may be dissolved in. a liquid, or the 
hyperpolarised gas itself wm serve as a solvent. Alternatively, the gas may be 
condensed onto a cooled solid surface and used in this form, or ^owed to sublime- 
Either of these methods nay' allow the necessary intimate nuxing of the 
hyperpolarised gas with the t olecule to be hyperpolarised. In some cases, liposomes 
or raicrobubbles may encapsqiate the hyperpolarised noble gas. 

Another preferred way for lyperpolarising NMR active nuclei according to the 
invention is that polarisation is imparted to said NMR active nuclei by 
thermodynamic equilibratio i at a very low temperature and high field. 
Hyperpolarisation compared 



to the operating field and temperature of the NMR 
spectrometer is effected by u i e of a very high field and very low temperature (brute 



force). The magnetic field s 
higher tlian I T, preferably 

PN021 00\FI\29.1 1 .2002 
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i: 



1 

or loss, preferably 1.5 K or less, more preferably 1.0 K or less, especiaUy preferably 



8 



especiaUy preferably 20 T or xoore. The temperature should be very low» e,g, 4.2 K 



100 taUdi or less. 



Another preferred way for 



thermal mixing effect. Many 
agent6» e.g. transition metal$ 



lyperpolarising NMR active nuclei according to the 
.invention is the DNP (dyns nic nuclear polarisation) method effected by a DNP 
agent, DjsfP mechanisms inilude the Overhauser effect, the solid effect and the 

known psirarnagnetic compounds may be used as PNP 
such as chromium (V) ions, organic free radicals such 
as nitroxide radicals and tritj L radicals (WO-A-98/58272) or other molecules having 
associated free electrons. Preferably, radicals with low relaxivity are used as DNP 
agents. Where the DNP agdit is a paramagnetic free radical, the radical may be 
convenieitUy prepared in situ from a stable radical precursor by a radical-generating 
step shortly before the polari sation, or alternatively by the use of ionising radiation- 
During the DNP process, energy, normally in the form of microwave radiation, is 
provided, which will initi£ai| excite the paramagnetic species. Upon d^cay to the 
ground state, there is ^ transfix of polarisation to the NMR active nuclei of the target 
material. The method may J iUse a moderate or high magnetic field and veiy low 
temperature, e.g, by carrying out the DNP process in liquid helium and a magnetic 
field of about 1 T or abovU Alternatively, a moderate magnetic field and any 
temperature at which sufficieL NMR enhancemwt is achieved in order to enable the 
desired studies to be carried |>ut may be employed- Tlie method may be carried out 



by using a first magnet for 



)royiding the polarising magnetic field and a second 
magnet for providing die piamafy field for MR spectroscopy. Alternatively, both 
DNP polarisation ^nd NMR s sectroscopy may be csinied out ia a single magnet. 



Another profetred way for 1 lyperpolacising NMR active nudei according to the 
invention is the spin refrigeralion jnethod. This mediod covers spin polarisation of a 
solid compound or system ijl spin refrigeration polarisation. The system is doped 
with or intimately roi3(e4 With s«itable paramagnetic materials sqch as Ni ^, 
lanthanide or actinide ions ii: crystal form with a symmetry axis of order three or 
more. The instrumentation ii simpler than required for DNP With no need for a 
nnifonn magnetic field since ao resonance excitation field is implied. The process is 
PN021 00\Fi\29.1 1 .2002 j 
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Q 

carried out by physically Toiating the sample around an axis perpendicular to the 
direction of the magnetic field. The pre-requisite for thiss method is that the 
paramagnetic specie$ has a highly anisotropic g-factor. As a result of the $ample 
rotaUon, the electron paramignetic resonance wiU he brought in contact with the 
nuclear apin$, leading to a dcjcrease in the nuclear spin temperature. Sample rotation 
is carried out until {he nuclealt spin polarisation has reached a new equilibrium. 



The DNP method is the most 
invention. 



preferred method for hyperpolarisation according to the 



hyperpolarlsation to ensure homogenous distribution of 



Some of the hyperpolarisatic i techniques described libove. e.g. DNP, brute force or 
spin refrigeration transfer, ire advantageous when transferring polarisation to a 
sample in the soUd state. If tie sample is not solid, it may conventionally be frozen 
in an appropriate solvent or solvent mixture prior to hyperpolarisation by one of the 
methods that need to be cariped out in the solid state. Solvent mixtures have been 
found to be paiticularly suitable, especially if the mixture forms an amorphous glass, 
e,g, compristag glycerol, propanediol or glycol. Such an amorphous matrix is 
preferably employed in DNP 
thQ compounds in the soUd< 

The polarisation of the J^lVl i active nuclei can be measured by its enhancement 
factor compared to thermal Luilibrium at the spectrometer field and temperature. 
Suitably, the enhancement factor for any NMR active nucleus is at least 10, 
preferably at least 50 and mo e preferably at least 100, 

If hyperpolarisation is carrie out by a method that requires the sample to be in the 
solid state, the at least one hyperpolariged ligand or the hyperpolarised target is 
preferably brought into solulion after tlie hyperpolarisation step. Suitable solvents 
are those which are usetuj to study the iuteraction between ligand and target in step 
b) and c) of the method acc irding to the invention. Such solvent^ are for example 
non-deuterated and deuteratc 1 buffers, Hk© phosphate buffers and they may contain 
small amounts of organic soV ents such as DMSO, methanol and acetic acid. 
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10 

In step b) of the method according to the invention, a mixtive is formed by 
contacting the at least one hvUrpolaiised ligand with a target or a target and at least 
one further ligand or the hyp^polarised target with at least one ligand. 



The amount of byperpolaxis 
factor. ibi& kind of infotmati 



d Egand/target required depends on the enhancement 
n Ae assay should provide and the lino width of the 



If the hypeipolaiised compoiLd is a ligand, then said Ugand is contacted with either 
a target or with a target and! U least one further ligand which is different flx>m the 
hypetpolarised Ugand to fori i a mixture. In the first case, it is for example possible 
to investigate whether a spec Rc ligand binds to a target, obtaining information about 
the affinity of the ligand, ek by calculating binding constants, binding distances 
and/or obtaining structural intimation such as the relative orientation of the bound 



ligand witii respect to the tJfget molecule or the identification of epitopes on the 
target tiie ligand bin4s to. I. is farther possible to identify for example a potent 
inhibitor of an enzyme, e.g. iif the hyperpolarised ligand is a known substrate for an 
enzyme (target) and the njixtbre contains a plurality of putative inhibitors Oigands), 



by monitoring changes in th 



i 



conversion rate of the enzyme. In the second case, it is 
fi example possible to hype rpolarise a known Ugand for a specific target and thus 
identify ligands wifli higher s mnily to tiie target from a plurality of different ligands. 
Information about tiie affiniiy of the bound Ugand is obtained; e,g. by calculating 
binding constants and/or obt inlng structural informa^tion such as binding distances, 
die relative orientation of th J boond Ugand witii respect to the target molecule or tiie 

f le target the Ugand binds to. 



2S identification of epitopes on 



If more than one ligand is 1 lyperpolarised, Oien said Ugands are contacted witii a 
target to form a mixture. This, it is possible to identify the Ugand with tiie highest 

among a plurality of different Uganda, eg, a ligand 
to obtain information about the afSnlty of tiie ligand, 



affinity to a specific target 
Ubraty. It is further possible 



e.g. by calculating binding clinstants and/or obtaining structural Information such as 
binding distances, flie relatije orientation of tiie bound Ugand with respect to tiie 

' -'^icationof epitopes on the target the ligand binds to. 



target molecnle or the identif 
PN02100\Fl\29,1 1.2002 
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If the hypeipolarised corapoiA^d Ijs a target, then said target is contacted with at least 
one llgand to form a mixturi. Thus, It i^ possible to investigate whether a specific 
ligand binds to the target at to identify the Ugand with the highest afflmO^ to the 
target among a pluraliQ^ of different ligands, e.g. a ligand Ubrwy- It is finther 
possible to obtain information about the affinity of the ligand, e.g. by calculating 
binding constants and/or obt ining strucmr^l information such as binding distances i 
the relative orientation of the bound ligand with respect to the target molecule or the 
identification of epitopes on tpe target the ligand binds to. 



For the formation of the mixt are in step b) according to the method of the invention, 
the hypeipolarised compounds as well as the corresponding non-hyperpolaiised 
compounds are preferably di' isolved in a suitable solvent* like suitable buffers. In a 
preferred embodiment, a solution of the hypeipolarised compound is directly 
transferred into a sojution of :he corresponding non-hypeipolarised compo^inds. Tlie 
formation of a mixture can 1: ^ achieved by several means known in the art, such as 
stining, voitexingf sonificatiop, etc. 



may be acquired in a single 
gradient pulses, depending 
information to be obtained. 
broE^ning, dipolar or scalar 
are used in the generation o 



In step c) a NMR spectrum is generated from the mixture obtained in step b) and the 

in the mixture is measured. Said NMR spectrum may 
be a one-, twop or multidimi nsional NMR spectrum, preferably a one-dimensional 
NMR spectrum of the nuclev s of choice, like ^^C, \^N, '^F, ^^P or The spectrum 

jcan or in several scons in any combination of RF and 
on tlie NMR parameters to be extraoted and the 
Such parameter's are for example chemical shift, lin6 
couplings. In a preferred embodiment, low flip angels 
the NMR spectrum. Thus, it is possible to study the 
dynamic behaviour of the interacdon between a ligand and a target or the time 
dependent fate of a chemica reaction. Further information to be obtained may be 
binding constants to detemine binding afflnity, blndhig distances, or stmctural 
information such as the relauve orientation of a bound ligand with respect to the 



target molecule, or the identification of epitopes on tlie target a ligand binds to. Said 
structural information may for example be obtained by monitoring transfer NOEs 
(Nuclear Overhauser Effect^) from the hyperpolarised compound (e-g- 
hypeipolarised ^^C spins on a ligand) to the nonJiyperpolarised compound (e.g. the 
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1^ 

protons of a target). The koE from a hyperpolarised nuclev spin to a non- 
hyperpolarifled nndear ^pin ^ ill result in partial transfer of the large non-eq^iUb^ium 
polarisation from the formerjjto the latter, and thus cause transient enhancement of 
the corresponding NMR sigjials. This change in the NMR signal, which can be 
readily observed using one- (iimen^lonal NMR, is a convenient way of mapping 
dipolar intMacdon$ between k hyperpolarised nuclear spin and odiers. As the NOE 
can be either intra- or intar-r iolecular, diis technique could be used, for instance, to 
map the binding site on a t^get after contacting it with a hyperpolarised ligand. 
Preferably, the sample is ma|itained under conditions optimised for longest possible 
Tu i.e. a$ high temperature a^j possible and the use of deuterated solvents. 



In step d) of tlie method accc 



cding to the invention, said NMR spectrum acquired in 
step c) is compared to a ref ei ance spectrum of the at least one hyperpolarised ligand 
or the hyperpolarised target. 



For the reference spectrun::j of the at least one hyperpolarised ligand or the 



hyperpolarised target, those compounds are measured in their free state, i.e. before 



contacted with the ta^^get or 'at least one ligand. The conditions for generating said 
reference spectmm should bj& as close to the conditions of generating the NMR 
spectrum in step c). Preferably, the conditions are identical with respect to e.g. 
solvents, pH f^nd spectral pJfameteJrs like for instance pulse length* Tlie reference 
spectrum may be a one-. twoJ or multidimensional NMR spectrum, preferably a one- 
dimensional NMR spectrum of the nucleus of choice, e.g. ^^C, ^^N» ^^P, ^^F or H. 
The spectrum may be acqlired in a single scan or in several scans in any 
combination of RF and gradient pulses. Preferably, the sample is maintained under 
conditions optimised for lon^sst possible Ti. i.e. as high temperature as possible and 
the use of deuterated solvent^ 



Comparison may be done by 



jnere visual assessment of the spectra, e,g, if a peak has 
appeared or disappeared. Suitably, comparison is carried out in a computer-assisted 
way. e,g, by calculating a dif ierence spectrum between the NMR spectrum in step c) 
and the yeference spectrum. Preferably, chemical shift changes, line broadening 
relaxation time differences o | NOB effect differences may be monitored. If a ligand 
is in fast or intermediate exchange with the target, the position and widfli of tho 
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occurs somewhere between tie position of the cheinical shifts in the free ligand an4 
in the bound ligand and the 1 ignal(s) is more or less broadened- When the ligand is 
tightly bound to the target, si ch that the "slow exchange limit" applies, two distinct 
sets of NMR signals will be Dbtained, namely one set arising from the free fraction 
of the ligan4 and one set wiing from the bound fractlou of (he ligand- The relative 
intensities of these two reflect the free and bound fractions of the 

corresponding ligand, ThuSi 
the target, identify ligands 



: is possible to for example identify ligands that bind to 
mXh higher binding affinities to a target, determine 
biu4ing constants or to identify potent enzyme inhibitors, agonists or antagonists. It 
is further possible to obtain Ikructural information ajaont die interaction between the 
ligand and the target such as jiinding distances, relative orientation of the ligand with 
respect to the target molecule or the identification of epitopes on the target the ligand 
binds to. One way of obtaining structural information of a ligand-tacget complex by 
NMR is to exploit through-space dipolar couplings between nuclear spins of the 
ligand and of the target, respectively. In the case of one constituent, e.g. either tlie 
hyperpQlarised ligand or hydkipolarised target, a large non-equilibrium polarisation 
is present ^t certain sites. These could be, for instance, one or more ^^C- or ^^N- 
enriched sites on the ligani. According to the ISfOE, dipolar coupling between 
nuclear spins gives rise to crJiss-relaxation between the coupled spins. Pipolar cross- 
relaxation may tlierefore yjeJ 1 partial transfer of the enhanced polarisation from ttie 
ligand to the target and vile versa. These cross-relaxation rates, which can be 
obtained from the transient changes in the nuclear polarisation of the corresponding 



sites, are a function of the dis tanee between the coupled spins, of th© reorientational 
correlation time, and of the gyromagnetic ratios of the nuclear spins involved. 
Knowing the latter parametei j and observing the NOE induced enhancement pattern 
of individual NMR signals . it is therefore possible to calculate tlirough-space 
distances and m^p the bindings sites* Said stmctural infonnation may for instance be 
obtained by monitoring tyani fer NOEs from the hyperpolarised compound Ce.g. the 
hyperpolarise4 '^C spins on i ligand) to the non-hyperpolarised compound (e*g. the 
protons of a target). Besides pinpointing binding pocjcets on the target from 
identification of the interactitins involved in tlie binding, these NOEs reflect binding 
distances between the ligand ^d the target. 
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drug discovery, preferably in J^MR-based screening 
|n drug discovery, particularly preferably in the method 



t. 



Another wpect of the inventijin is the use of a hypeipolarised ligand, Ugand mixtures 
or t^get3 in NMR assisted 
and/or optinu$ation methods 
accor4ing to the invention. 

* 

The hyperpolarised Ugand. jigand mixwres or target? used may be isotopicaUy 
enriched. If non-entlched hy lerpolarised Hgands or targets are used, hyperpolarised 
ligands or targets.^containini j nuclear species occurring at high natural abundance 
such as ^*P, '"Fr. and/or H are preferred. In a preferred embodiment, the 
hyperpolarised ligands, ligind iriixtttres or targets are isotopicaUy enriched, 
particularly preferably isotopjically enriched in such a way as described under step a) 
in the present application, i; 

!. 

* 

Yet another aspect of the invention is the use of isotopically enriched hyperpolarised 
ligandg in ligand competition assays. 



The enrichment may include pither selective enrichments of one or more sites within 
the Ugand molecule or unlfoijm enrichment of all sites. Enrichment can be achieved 
by chemical synthesis or biological labelling, Suitable techniques are known in the 
art. Preferably, ligand mole J lies are selectively isotopicaUy enriched, preferably in 
positions with long Ti relaxition time. Suitably, ligand molecules according to the 
invention are isotopicaUy eiAiched molecules with an enrichnient of at least 10%, 
most suitably at least 25%. preferably at least 75%, most preferably at least 90%. 
ideally apprqaching 100%. 



In a preferred embodiment 
enriched with and/or 



lof the present invention, the ligands are selectively 
j preferably with '^C ov *^N, particularly preferred with 



The ligand competition ass y can be used to identify inliibitors, antagonists or 
agonists of a specific target molecule. Thus, it is possible to ldenti«jr potent drug 
compounds. 
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of proteins involved In 



SH2 doipaina are module^ o : about 100 amino acidp that bind to specifio phospho- 
tyrosine (p Y)-containing pepj ide motifs. These domains are found in a large number 



Ignal transduction. Because SH2 domains play a 



fund^roent£a role in a varictSy of signal transduction pathways, SH2 domains have 



been the targets of extensive 
recognition by SH2 domainl 



drug design efforts- However, the deterpninants of pY 
are s^ill not well understood. It is thus of mtprest to 



identify the attributes of pY required for high affinity interaction with SH2 domains. 



The purpose of the experinisnt was to illustrate the monitoring of chemical shift 
differences of a non-enriched ligand between the bound and free state and thereby to 
determine if binding takes pil ce and to detennine the binding affinity. 



3rc homology 
(l-^^C)-Ac- 



domain 2 from Growth binding hormone 
EbyiNQ-NHa 



Target: 
Ligand; 

Sxample 1«1 

1.1.x Acquisition of the rcferrace ^pectninn of the free hyperpolarised I^and 
19 nmol ligand was cliseolv«|i in 12 nl water and mixed with 15.6 mg of a glycerol 
soliftiott containing 30 mM trltyl radical. The liquid sample was frozen as droplets in 
liquid nitrogen. The sample Iras placed in the pojariser and byperpolarised overnight 
(17 h) at 93.934 GHz and J OO mW (DNP method). The sample was brought Into 
solution with phosphate bilrfer (pH 6.5, 100 mM, 60 °C, 8.5 ml). The active 
dissolution volume was 3 tla with 90% recoveiy of substance, providmg a final 
concentration of 5.7 fxM. The dissolved ligand was injected dkectly into a 10 mm 
NMR tube and quicldy trans feired to a 9.4 T magnet, with the probe at 2S »C. A 



liquid Stat© NMR spectrum 
acquisition time of 1 s- One 
labeled ligand. The signal-to- 



was acquired in one scan with a 90" pulse angle and 
NMR signal was obtained at 176,9 ppm ficom the "C- 
noiae ratio CiSI<^) of the spectrum was 50. 



0 
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1.1,2 Preparation of the 

940 III of the target sojurtonj 




16 



\et solution 

(100 jttM target, 5 mM DTT. 100 niM NaCl, 50 inM 
phosphate pH 6,5) w^s placeii in XO mm NMR tube with a bottoia plug, reducing the 

The tube was placed in a 9.4 T nwignet with the 
librate4 to 25 ^C. A tube was connected to the bottom 
foD injection of the ligand solution into the target ^lution. 



active volume to 1100 
temperamre of the probe equ 
of the NMR tube to allow 



1.1.3 Hyperpolarisation 



of the lig^nd and formation of the 
target/byperpolariised ligan I mixture 

0.32 tiraol ligand was dissoh ed in 20 iii water and mbced (1:1 w/w) with a glycerol 
solution containing 30 mM tlityl. The liquid sample was frozen as droplets in liquid 
nitrogen. The sample was pW:ed in the polaiiser and hyperpolarised overnight (17 h) 
at 93.934 GH^i and 100 nisk (DNP method). The dissolution was performed with 
phosphate taffer (pH 6.5, 100 mM, 50 *='C, 7 ml). Active dissolution volume was 1.5 
ml With about 70% recover)' of substance. A 1 ml syringe was filled completely 

_ _ _ ^ . _ ^ ^ _ Ik 



(volume: 1100 ^1) with the 
was quiclcly ixxjected into the 
of 24 ^^M- 



gand solution, a total of 160 fi\ of the ligand solution 
target solution, resulting in a total ligand concentr^on 



I 



1,1.4 Acquisition of an NB IR spectrum of tjic mixture 
A NMR spectrum was generated using the same spectral parameters as for the 
reference spectrum. Acquisition time was 1 s. the SNR was 20, The MMR spectrum 
showed two signals, one fro: a the unbound ligand (176.94 ppm) ^nd one from the 
25 bound ligand (176.2 ppm). 



In this example, the target tc 



ligand concentration ratio was 4:1* Since the ligand is 
known to be in slow exchan^ ;e with the target, it was expected that both a signal of 
the free Ugand and a signal oi the tound ligand would be seen. By varying the ligand 
to target concentration in the assay it would thus possible to measure the binding 
afiEinity by quantifying the relative amounts of free and bound ligand visible in the 
spectra based on the knowledlLe of Itgand/target concentrations used in the assay. 
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Compaiisoa example lw2 

For a sensitivity comparison, the si^me experiment was perfonned with conyentioiial 
NMR. ID ^^C-NMR spectra of the ligand in the free ptate and in admiitture with, the 
target were acquired with a ^- 2 frequency of 75.436 MHz; on a Varian INOVA. Data 
W^ collected with 32k data joints, 4096 transients, spectral width of 20000 Hz and 
an acquisition time of 800 4^- The concentration of the ligand wa? 0.8 mM, The 

and target in the mixture was 0,6 mM each. Total 
lours for each spectrum and the signals in the resulting 



concentratioia of the Ugand 
acquisition time was about 8 



spectra were barely detectable. 



can be used compared to the 
1.2). Further, the acquisition 
invention is extremely short 
less requirement on stability 



In the method of the invention (example 1.1) a 30 times lower ligand concentration 



igand concentration in conventional methods (example 
ime of the NMR spectra according to the method of the 
lis compared to 8 hours), this will consequently pUce 
to the system- The spectra showed a higher SNR tlian 



the specti'a acquired in the conventional method. 



Example 2 

Depending on the on/off ratfe of a binding Ugand among other ligands, the NMR 



spectmro of the Ugands/target mixture will show changes (chemical shift changes or 



line l>roadening) comp^ed 
spectrum will thus reveal t 



the spectrum of the free ligand roi?cture, A difference 
binder in the mixture as being the compound tliat 
changes one of these proper^es upon binding to the target. In tliis example the Une 
broadening of the Iigan4 sign |l indicates binding to the target. 



The purpose of the experiment was to illustrate the identifacation of a non-enriched 
binder in a mixture of non-eniiched ligands» 



9 
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Human Senun 



Alliumin 



Taiget: 

Ligan49; saUcylio aci4 sbd ascorbic acid. 
It is taiown that salicylic acid binds with ^iM afflpity to the target wWle ascorbic acid 

binds vdth mM affinity. 
E^aitiple 2.1 

2.1.1 Acquisition of the reiierence spectrum of the flree Iqrpeerpolaiised ligands 
5 mg ascorbic acid-and 5 rog Salicylic acid were dissolved in 1 ml water. 20 /il of this 
solution was mixed with 2^ rog Qf a glycerol solHtion containing 30 mM trityl 
radical. The liquid sampl| was frozen as droplets in liquid nitrogen and 
byperpolariaed in 6 hours QDNP method). The dissolution was performed with 
phosphate buffer (pH 7,6, 10 jr mM, <S0 *C, 8.5 ml). Active dissolution volume was 3 
ml (90% recovery of substai: ce), providing 4 final concentration of 0.17 mM with 
respect to ascort>ic acid and C ,19 mM with respect to salicylic acid. The solution was 
transferred directly inio a 10 mm tube and quickly trfinsferred to die 9,4 T magnet. 
Acquisition time was 1 s, the SNR was 55. The spectrum showed signals originating 

from both the ascorbic acid and salicylic acid. 

II 



2.1.2 Hyperpolarisation « 
of a NMR spectram of the ijaixture 
The preparation of the ligandii and the hyperpolarisation was carried out as described 
in 2.1. The pgand scaution wl S directly injected into a 10 mm tt|be cont^ning 10 mg 
of human serum albumin (f|ial 'concentration 50 nU, about 1/4 of the amomit of 
ligands present). A NMR 4>ectrum was acquired under the same conditions as 
describe4 in 2.1, thfi SNR wa5 50, 

In this spectrum the signals from itoe salicylic acid digappe^ed upon binding to the 
target due to exchange brq^d jnlng. The signals from the weaker hin4er ascorbic acid 
remained in the spectrum* 

r 



PN021 00\FiN29e1 1 .200a 



NYCOIVIED I.VIA61NG AS 




!i 




i. 

I. 

I 



19 



Comparison exampte 2,.2 

For a aensitivl^ comparison, the sam^ expeiimeat was pracfonned with conventional 
J^MR, Two samples were pwi pared, one reference sample with 1 mM of each Ugand 
in phosphate buffer pH 7.5 one sample of the targetAigands mixture with the 
same amount of ligaods and 0.2 mM target. Two-dimensional *H-"C-HSQq spectra 
of each sample were acquliJd on a Bnjker Avance 500 MHz NMP. spectrometer 
equipped with an inverse triple resonance piohe. The HSQC type spectrum was 
acquired as a directly detecisd carbon spectrum could not be performed within a 
reasonable time frame. Acquisition of each spectrum tool: 10 hours and the obtained 
signals were barely detectabli . The reference sample showed the expected signals for 
both Ugands. The sample of the target/ligands mixture showed signals only for the 
non-binder ligand ascorbic ^cid. The signals from saUcyJic add were broadened 
beyond detection due to exchange broadening. 

I 
I 

Again, with conventional meijiods mv^ch higher Ugand concentrations had tp be used. 

Acquisition time is extreinel| long (10 hours compfired to 1 s) and SNR is low (3 

ji 

compared to 50). ' 
Example 3 

The same ligands/target as ; n example 2 were used, witii the exception diat '^O. 

used. Thus, only the fate of the labeled ligand was 
the presence/absence of a. higher acuity ligand present 



enriched salicylic acid was 
monitored as an indicator for 
in a ligand mixmre. 



The purpose of the experlme Xt was to iUustrate the monitoring of the displacement 
of an isotope- labeled binder by a higher affinity binder from a pool of non-binding 
ligands. j 

3.1 Acquisition of a refej ence spectrnm of the free "C labeled salicyUc add 
5 mg salicylic acid ("C labellLd in carbonyl position) was dissolved ha 100 ml water. 
20 III of this solution were n [xed with 26.6 mg glycerol solution containing 30 mM 
trityl radical. The liquid samj le was frozen as droplets in Uqwid nitrogen. The sample 
was hyperpolarised ovemighj (17 bouts) (DNP method). The sample was dissolved 

PN021 00\FI\28. 1 1 .2002 I 



10 



15 



20 



25 



30 



NYCOMED IMAGING AS 





20 

In buffer (100 roM phosphalj^ buffer pH 7.6, 60 8,5 ml), collecte4 in a 10 mm 
tube 8n4 quickly transferred to a 9.4 T magnet. A single-scan ID solution ^^C-NMR 
spectjura was coUected (acqjasition timej 1 s, 90** pulse). The spectrum showed a 
single peak firom saUcylic aci^i, SNR was 40, This SNR expected according to the 
100-fold dilution of the ^^Cienriched material compared to (he NMR experiment 
usifig the natural abundance ^C-material in 2.1.1. 



3-2 Hyperpolarlsation ojf labeled salicylic acid, mixtpre with the target 
and the secoBd Ugand ascpffbic acid and acquisition of a IWR spectrum of the 
mixture J 

The preparation of the labeled salicylic acid and the hyperpolarisation were 
carried out as described in 2ll- After dissolution tlie sample was collected in a 10 
mm NMR tube containing J j concentrated solution of target and the second ligand 
ascorbic acid. The NMR tallle was quickly transferred to the magnet and a NMR 
spectrum w^ generated as J^scribed in 3.1. No peaks were visible in the spectrum 
indicatifig that the signal fire in salicylic acid b^d broadened beyond detection as a 



consequence of its binding to 



lie target. 



The. experiment could be caxjlied out in the same way, but instead of ascorbic acid, 
wbich is ^ weaker bidder th^ salicylic aoid, a ligand having a higher binding affinity 
as salicylic acid could be ttse|l. The spectrum acquired firom the mixture would show 
a signal from the labeled sali|:ylic acid indicating that a competition had taken place 
since the ligand with higher i jffini^ was bound to the target and salicyUc acid would 
thus be firee in soludon. 

In conclU6ion» this assay shojSyed that a signal from a labeled ligand appeared in the 
spectrum when a ligand witii k higher binding affinity was present whereas the signal 
disappeared when only lig^^s with lower affinity ftian the labeled ligand were 
present. 
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5 A robust md fast screening i ssay for inhibitors may be of great importance in drug 



therapy* That tliis is the case 
pylori. This pathogen plays i 



3an be illustrated by the human pathogen, Helicobacter 
prominent role in the pathogenesis of peptic ulcer and 



gastric cancer. The bacterlu a contains the enzyme urease (an enzyme that is not 

preseiit in higher animals). . Urease catalyses the hydrolysis of urea to ammonia and 

i 

carbamate. Ammonia generated by urease elevates the pH in the stomach and 
thereby protects the bacteriii n. The therapy u^e^ a combination of antibiotics and 
proton pump inhibitors. Bee J ise of the emergence of antibiotic resistant strains there 
is an urgent need for novel ti ^atment A possibility is inhibition of the potent urease 
activity of H, pylori. 

The puippse of the experiment w^s to illustrate the identification a potent enzyme 
inhibitor in a mixture of Ijgfuljds with unknown binding characteristics by monitoring 



changes in the conversion rate in an enzymatic reaction. 



Enzyme (target): 
Substrate (iigand): 



Urease 
^•^C-labpled. urea 



4.1 Acquisition of a ref e i -ence spectrum showing the enasymatie conversion of 
"C'^labeled urea as a ftmcti : n of time 

16.4 ^mol of ^^C-labeled i rea was mixed 1:1 (w/w) with a glycerol solution 

containing 30 mM trltyl radifaL The liquid sample was frozen as droplets in liquid 

< 

pitrogen, The frozen sample was hyperpolari?ed for one hour (DNP method). The 
sample was dissolved in ft pi osphate buffer (10 mM, pH 7.6, 100 «C, 8,5 ml (active 
dissolution volume 3 ml)) ^ id 500 f*l wei« transferred to an 10 nwn NMR tube 
containing 2,5 ml of a soliitij>n (same buffer as for urea) containing 12 units urease 
(04 mg). A series of 40 one- ; iraensional ^^C spectra were collected every 3 s, with a 
reduced flip angle (15 **). The resulting spectra showed the conversion of the 
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substrate as a function of tini 
dioxide and subsequently the 



4.2 Calculation of the re 

It is possible to calibrate the 
Hence, the decay of the su 



i,e. the formation of title intermediate product carbon 
Ebrmation cf the end product bicarbonate. 

action rate 

flip angle, and the relaxation rate for urea is Icnown, 
strate signal can be used to calculate tfie rate of the 



enzymatic conversion (reacti|a rate). Another way of calculating the reaction rate for 
the system ijs to vary the en|yme concentration while keeping the concentration of 
substrate constant. - 

The latter approach wa§ us<k in a series of experiments that were performed as 
described above, only the concentration of urease was varied. Three eTtperiments 
were performed with 10 units, 12 units and 14 units urease. The urease activity was 
plotted as a flmction of cone intration. From tliis plot, the reacUon rate constant was 
extracted directly. The ISfMR signal intensities of urea in the individual experiments 
have been used to calculate i:ie enzymatic activity. Based on these experiments the 
rate constant for the system vlas determined to be k = 0,0019 s'^ 



4.3 Determinationi pf the 



LCso wlue of tlie urease inhibitor acetohydroxamic 



A new series of experiments 
screen for enzyme inhibitors, 
concentration were kept 
known to be an urease inhibitb 



yvere performed in order to test the system as a possible 
In these experiments both substrate (urea) and enzyme 
and acetohydroxamic acid, a compound that is 
5 added in varying concentrations. 



coAfitant 



Experiments were carried ou 



as described in 4.1 with the NMR tube containing 2,5 
ml solution of 12 units urease (0.1 mg) and acetohydroxamic acid. Four experiments 
were carried out varying the iicetohydroxamic acid concentration from sbout 10'*^-10' 
^ M. As described above tiie Sctivity was calculated using the NMR intensities of the 
ui^ signal in the 4 experimeLts. By plotting ti-je activity as a ftmction of the varied 
acetohydroxamic acid cpncei tration, it was pojssibje to detemjine the concentration 
of acetohydroxamic acid neec ed to inhibit the enzyme reaction to half activity (LCso 
value), From this plot the Lci'o value was estimated to be 5 • 10"^. 
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ligand and the target and 
screening assay it may be 
ligand. 
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iific stmctqral information on the interaction between the 
the ss^me time preserve ttie high sensitivity of the 
possible to observe changes in the target instead of the 



I 



The purpose of the experitne jit to either fflustrate the detection of a tjintte- in a 
mixture of non-hindecs by : honitoring chemical Shift cimnges in the target upon 
binding of the Ugand and to nppoint the involved residues in tlie target binding site. 



In a conventional SAR-^by-NMR assay Csee Shuker et al, Science 274 (1996). 1531- 
1534), the aims are to detect Ik ligand from a pool of ligands that binds to a target, to 



chai-actorise the binding site 
binding is detemciined by the 
in 2D ^^N/^I-I-HSQC spectra. 



in the target, and to measure binding affinity- The 
observation of ^^N or *H-amide chemical shift changes 
A reference spectrum of the target alone is compared to 
the spectrum of the target/Iiiands mixture. Deconvolution is subsequently used to 
identify the particular ligand- arget interaction. 

The steps in a ID S AR-by-N ! dR assay according to the invention are the following: 

5.1 Acquisition of the reierenee spectrum 

After hyperpoladsation of the target (DNP metihod), the target sample is dissolved in 
buffer and a ID solution ^^NrlNMR 
reference spectrum. 

5.2 Hyperpolarisation ok the target* formation of a targct^gands mixture 
and acqi»i3ition of a NMR spectrum of said mixture 

After hyperpolarisation of tlUe target, the target sample is dissolved in buiSer and 

' 'fluHK notential binders), A ID solution ^^N-NMR 



Spectrum is collected and c 



ompared to the reference spectrum. The 4ifference 
spectrum reveals chemical s aift changes if a ligand that binds to the target was 
present in the ligand mixture. 
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Depending on the prior knowledge of U»e target in the assay, the chemical shift 
change^ may provide structui^ al information. 

• a 



I 



1 



An intra-molecular transfer 
protons adjacent sites in the 
effect. 



f polarisation from a ^^C natural abundance carbon to 
same molecule has been obtained utilising the NOB 



A 50 mg sample of ia-Bijpydroxymethyl)cyclopropane containinglS mM trityl 
radical was polarised by the 3NP method on ^^C in the solid state at 93-9XGHz and 
100 mW- After dissolution ii D^O the sample wa? transferred to the 9,4T magnet 
and a ^H-NMR spectrvim was acquired. During the transport of the sample (after the 
dissolution until th^ NMR sp actnim is acquired) the protons axe polarised negatively 
due to the polarisation transfer from the attached ^^C, that is positively polarised by 
D^rP in the solid state. The tLnsfer mechanism is through the Overhauser effect, i,e. 
relaxation driven. The enhancement of the protons directly attached to C was 
measured to ca. 200 tiroes. 




I! 

t', 

1 
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1 , NMR-l)ftse4 method comprising 



a) hypeKpolarising at leak one ligand or a targeti 



contracting the at least one hyperpolarised ligand with a 
at least one further ligand or the hyperpolarised target 
with at lea^t one ligand, . 

generating ^ NMR sp< jctrum of the mixture, and 

spectrqm with a reference spectrum of the at least one 

or the hyperpolariped target. 



b) forming a mixture by 
target or a target and 



c) 



d) comparing said 

hyperpolarised ligand 



2. Method according to 
consisting of proteins 
polypeptides, Upopolype^tides 
fragment or a complex 



claim 1 wherein the ligand is selected from the group 
glycoproteins, lipoproteins, polypeptides, glyco- 
, peptides, carbohydtJ^tes, nucleic acids or a part, a 
and small organic molecules- 



thfereof 



3, Method according to cl 



lidms 1 and 2 wherein the ligand is a small organic 
molecule of less than 2000 Da. 



20 4, Mechod according to claims 1 to 3 wherein mqre than one ligand is present in 

step a)» 

5, Method according to clai its 1 to 4 wherein the target is selected fiom the group 
consisting of proteins, J yco^rotelns. lipoproteins, nucleic acids, polypeptides, 
glycopolypeptides, lipopj lypeptldes, peptides or a part, a fragment or a complex 
thereof, 

6, Method according to olaijms 1 to 5 wherein the at Jeast one ligand or the target in 

step a) i^ an isotopically t jnriched ligand or target, 

t 
I 

7, Method according to claiLs 1 to 6 wherein the at least one Ugand or tlie target is 



selectively isotopically e: 



riched at one or more sites in the molecule. 



: 
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8. Method accor4ing to cl^m 7 wherein the at least one Ugand or the target is 
selectively isotopically ei riched at one site in the molecule with or 

9. Method according to clai: a 8 wherein the enrichment is a *^C-entichjn©nt. 

10. Method according to clai ms I to 9 wherein the NMR spectrum generated in step 
c) i& a one-dimensional ^ MR spectrum 



11. Meliiod according to clai 
c) is generated using low 



CIS 

|ai; 



1 to 10 wherein the NMR spectrum generated in step 
p angles. 



12. Method according to 
chemical shift difference. 



cwi 1 to 1 1 wherein the comparison in step d) shows a 
a relaxation time difference or a NOE effect difference. 



15 13, Use of hyperpolarised Ugands, ligand mixtures or targets in NMR assisted drag 
discovery, 

14, Use of isotopically enricl^ed hyperpolarised ligands in ligand competition assays. 



20 
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A b s t r a c _t 



The invention relates to NlVIR-b^ed methods comprising the hyperpolarisation of 
liga?i4s or targets and to hyj erpolarised ligands and targets for use in NMR-based 



assays. 



9 
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